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ABSTRACT 
Progressive epide rmal p igmentation of Anguilla rostrata 
elver s in a coastal Rhode Island stream was essentially 
identical to that de scr ibe d for ~ anguilla, and proceeded 
rapidly in fr eshwater. Earlier arriving elvers averaged 
larger than those arriving later in the season, paralleling 
studies of European elvers. Mea n tot al lengths of elver s 
collected in 1984 wer e significantly greater than those for 
1983 and ar e the lar ge s t re corded for t he Western North 
Atlantic. Thes e differ ences may be due to sampling 
technique. Migration of e lv ers into freshwater may be 
i nduc ed by decreasing flow rates and /or increasing stream 
temperature s . The relatively slow upstream migratio n of 
elvers in the lower sect io n of the stream (a pproximately 200 
m per month) is attributed to high stre am gradient and t he 
presence of obstructions. By late summer and early fall, 
elvers (age I+) had acquired t he coloration typical of 
yellow eels and had grow n 20 t o 30 mm larger than elvers 
arriving in freshwater in late winter and spring . The 
frequency of II+ and older eel s increased with incr e asing 
d i s ta nce from the tidal zone. Th is indi ca tes that the 
upstream mi grati on of e lvers is limited, and that the 
colonization o f inland wate r s is accomplishe d mainly by 
yellow eels in their second and later years of continental 
life. 
ii 
ACKNOWLEDGEMENTS 
I wi s h to t hank Dr. Will iam H. Krueger for the i n itial 
conception o f thi s r esea rch, as well a s for hi s he l pf ul 
suggestions and critical r e view of the manus cri pt s. Drs. 
Howa rd Winn and Perry Je ff ries also provided a pprecia te d 
comme nts and criticism of the t hes is. The as sis t ance and 
support of John O' Brien and William Lapin of the Rhode 
Isla nd Depart me nt of Envir onmen t a l Management, Freshwa t er 
Fisheries Divi s ion, i s al so a pp reciated . I am a lso indebt ed 
to (in alphabetical order) Tundi Aga rdy, Suzy Ayvazian, To ny 
Cha towsky, Maureen Da vidson, Numi Goodyear, John Keina th, 
Nick Servidio and Ma r y Ann Tilton f or as s istance with the 
f ieldwork . Special thanks to Pat Serrentino for her 
encouragement , in t erest, and tol e r ance of adve r se fi e ld 
cond itions. I am a lso gr ateful to Donna Decarlo, who 
suppli ed ass i s t ance and he lpful suggestions regardi ng 
graphics . J osh Hayes and Dav e Hudson pro vided much 
appreciated humor and compute r sa vv y . Th anks also t o 
Drs. Edwar d Brothers, Ro ber t Ba r kman, and Davi d Bengston f or 
sugges t ions rega r ding otoliths . 
iii 
PREFACE 
In the late winte r and spring, elvers of the American 
eel, An~uilla rostrata (Lesueur), move fro m estuaries into 
freshwater streams. After entering continental waters, 
elvers acquire the the coloration characteristic of the 
yellow eel, which is t he primary growth phase. After 
spending seven to twen ty years in freshwater, adult yellow 
eels metamorpho se in the fall into the s ilver oceanic phase, 
and migrate to the Sargasso Sea, their presumed spawning 
place. Nothing is known concerning the exact spawning 
location or behavior of ~ rostrata, but the tra nsparent 
larvae, o r leptocephali, are pela gic and drift northwestward 
with the Gulf Stream towards continental waters of North 
America. By J anuary or February of the next year, 
leptocephali reach the continental shelf, and transform into 
unpigmented elvers, or glass eels. 
Several as pects of the biology of American eels in the 
Annaquatucket River (Washington County, Rhode Island) ha ve 
recently been investiga t ed. Such studies have involved 
distributio n of sexes and movements of silver eels (Winn et 
al., 1975), preadaptation of swimbladder physiology related 
to seaward migration of silver eels (Kleckner, 1980a, b; 
Kleckner and Krueger, 1981), and olfaction of elvers 
(Sorensen , 1984). 
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This study investigates the upstream migration and 
changes in mo rphology of elvers and juvenile yellow eels of 
Ai. rostrata within the Annaquatucket. The thesis is divided 
into two manuscripts. The first manuscript deals with the 
changes in pigmentation and total length of elvers migrating 
up the lower 200 m of the stream. The second ma nuscript 
investigates the age and length relationships of elvers and 
juvenile yellow eels at three stations located at points 
throughout the stream system in an effort to determine the 
extent of migration of elvers and subsequent age groups. 
These manuscripts will be submitted for publication in ~ 
Journal Qf. E.i.fill Biology. 
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Elvers (Anguilla rostrata (Lesueur)) in a 
Coastal Rhode Island Stream 
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ABSTRACT 
Progre s sive pigmentation of Anguilla rostrata elvers in 
a coastal Rhode Island str e am was essentially identical to 
that described for ~ anguilla, and proceeded rapidly in 
freshwater. Earlier arriving elvers averaged larger than 
those arriving l ate i n the season, paralleling studies of 
European elvers. Mean total lengths of elvers collected in 
1984 were s ignificantly greater than those for 1983 and are 
the large s t recorde d f or the We s t e rn North Atlantic. These 
differe nc e s may be due to s ampling technique. Migration of 
elvers into fre shwa ter ma y be induced by decreasing flow 
rates and/ o r increasing stream temperature. The main 
conce ntrati on of el vers too k about one month to ascend 200 m 
upstream fro m the ti dal zo ne. The relatively slow migrati on 
of elv e r s in this small s tr ea m is attributed to high stream 
g rad ien t a nd the presen ce of obstructions. 
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Introduction 
In the late winte r an d spring, elvers of the American 
eel, ~ rostrata, move from estuaries towards mouths of 
freshwater stre ams. During this phase of their migrat i on 
elvers gradually acquire epidermal pigmentation and asc e nd 
flowing waters, negotiating obstructions to their progress 
by various means. Elvers then begin to acquire the 
coloration characteristic of the yellow eel, which is the 
primary growth phase. However, little is known about 
upstream movements of ~ rostrata beyond a few anecdotal 
observations (Sheldon, 1974). No previous investigation has 
specifically addressed upstream movements of elvers of this 
species and related changes in their morphology, although 
considerable work in this area has been performed for the 
European eel and some South Pacific species. 
The works of Grassi (1913) and Schmidt (1906) provided 
the fundamental studies of development and distribution of 
leptocephali and glass eels of the closely related European 
eel, Anguilla anguilla, which formed the basis for most 
later studies of early Anguilla life histories. Schmidt's 
work, and also that of Gilson (1908) established a detailed 
pigmentation classification for developmental stages of 
early leptocephalus to early yellow eel. Strubberg (1913) 
used a somewhat simplified version of Schmidt's and Gilson's 
classifications in shipboard experiments to investigate 
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changes in elver pigmentation associated with various 
environmental factors. Strubberg found that the rate of 
pigmentation in elvers increased with water temperature, but 
was not significantly affected by salinity or incident 
light. Boetius (1976) used a pigmentation classification 
modified from Strubberg's for both~ anguilla and ~ 
rostrata elvers present in his collections from Denmark. 
Boetius did not note differences in pigmentation between the 
species. Charlon and Blanc (1982) extended Strubberg's 
experimental conclusions concerning pigmentation and water 
temperature, noting a pigmentation rate increase in ~ 
anguilla elvers entering warmer fresh water as opposed to 
delayed pigmentation in elvers from colder coastal water. 
Strubberg (1913) also noted a reduction of lengths of 
~ anguilla elvers with the development of pigment, and 
cited time and/or temperature as the probable causative 
agents. Similar conclusions have also been drawn by others 
(Grassi and Calandruccio, 1897; Schmidt, 1906; Menzies, 
1936; Parsons et al., 1977) However, Boetius (1976) and 
Charlon and Blanc (1982) attributed the observed decreases 
in length to later arriving elvers being shorter. Boetius 
theorized that these elvers metamorphosed in an area more 
distant from freshwater than those that had arrived earlier, 
and thus had a longer migration. 
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Vladykov (1966) described an increase in mean total 
length of ~ rostrata elvers with latitude along the coast 
of eastern North America. Distribution of elver 
length-class frequencies from various collection sites led 
Vladykov to believe that male and female elvers had 
different mean lengths and different latitudinal 
distributions. Relative abundances of male and female adult 
eels along this same latitudinal region were cited as 
evidence for this hypothesis, yet there is no karyological 
work with elvers to support it. 
Documentation of arrival of ~ rostrata elvers at 
coastal sites has bee n limited. Jeffries (1960) provided 
data from historical collections describing incidental 
records of elvers entering coastal waters of northeastern 
North America from ea rly January to late August. Variation 
in arrival dates of these elvers may have been due to the 
dispersal of leptocephali by wandering Gulf Stream currents. 
Because the timing of elver run peaks may also vary from 
year to year (Sheldon, 1974), env ironmenta l influences may 
play a ma jo r role in t he distribution of leptoc ephal i and 
elvers. Smith (1968) described a collection of elvers take n 
on 19 January in Flor ida , and suggested that the ascent of 
fr eshwater in Florida occurs earlier than it does farth er 
north. 
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Invasion of freshwater by ~ rostrata is thought to be 
similar to that of A.i. anguilla, for which many studies of 
upstream migration exist. Upstream movement of elvers by 
tidal transport in estuarine areas has been shown for 
European (Deelder, 1952; Creutzberg, 1958; McCleave, 1980) 
and also American (McCleave and Kleckner, 1982) eel elvers. 
Deelder (1958) provided descriptions of changes in migratory 
behavior and response ·to salinity in A.i. anguilla elvers once 
they had arrived at a boundary area between the outlet of a 
stream and a tidal area. Factors affecting the movements of 
elvers into streams can be complex. Sorensen (1951) stated 
that upstream migration of A.i. anguilla elvers was initiated 
when a stream reached a certain threshold temperature of 
approximately 15 C. Other cues which appear to initiate 
upstream migration in elvers of various species of Anguilla 
have included lunar cycles (Gollub, 1959; Jellyman, 1979), 
rainfall and/or stream size (Jellyman and Ryan, 1983), 
intensity of daylight and current velocity (Sorensen, 
1951; Sloane, 1984a, 1984b), and high spring tides (Matsui, 
1952; Sorensen, 1984). 
Progress of elvers upstream can be rapid. A.i. anguilla 
elvers have been observed to move upstream at the rate of 1 
to 3 kilometers per month (Parsons et al., 1977). However, 
their upstream migration can also be inhibited by 
environmental conditions. McCleave (1980) determined that 
A.i. anguil.lii elvers could not progress against currents 
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greater than 50 cm per second, and inferred that movement 
upstream was facilitated by elvers alternating between burst 
swimming and utilization of bottom topography (i. e. resting 
behind rocks, boulders, etc.) or burrowing into bottom 
sediments. Dams and other man-made structures, as well as 
natural ones, also impede the upstream progress of elvers 
and young eels (Ogden, 1970; Hurley, 1973; Sheldon, 
1974; Parsons et al., 1977). 
This study investigates several aspects of the biology 
of ~ L...Q.strata elvers within a coastal stream in Rhode 
Island, specifically: 1)Development of pigment in elvers, 
both throughout the season of migration and from year to 
year, 2)comparison of total lengths of elvers arriving at 
and ascending the stream over these same time and distance 
parameters and 3)relative abundance of elvers within 
sections of the stream throughout the season of migration. 
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Materials and Methods 
Elvers were collected from the Annaquatucket River 
0 
watershed, Washington County, Rhode Island (41 33' 
N; 76° 26' W; Fig. 1). The watershed drains approximately 
52 square Km, and the ma in portion of the river is 
approximately 9 Km long, containing several impoundments 
created by damming in the 1800 1 s (Guthrie and Stolgitis, 
1977). 
Elvers were collected at three stations between Mill 
Pond and Bissel Cove (Fig. 2) during the day at low tide. 
The Tidal station represents the junction of the fresh water 
of the Annaquatucket with the estuarine water of Bissel 
Cove. During high tide, water levels at the Tidal station 
average 0.5 m higher than at low tide, and the river itself 
is relatively slow-moving. At low tide, the water moves 
rapidly and is completely fresh. The Epitidal station was 
approximately 30 m upstream from the Tidal station and 
exhibited no tidal influence. The Fishway station was 
located 180 m upstream from the Tidal and 20 m below the 
fishway at Mill Pond dam . Elvers reaching this station 
wou ld be considered entirely acclimated to fresh water. 
Stream depth at all three stations was approximately 0.25 to 
0.5 m (at low ti de). Stream width ranged from approximately 
5 to 10 m depending on location, tide, and stream flow. 
Bottom type at these locat ions consisted of a mixture of 
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sand, gravel, and cobble. Once elvers had been collected at 
the Fishway station, additional surveys for the presence of 
elvers were made below Featherbed Lane, but no elvers were 
collected at this upstream site during the spring sampling 
period. 
Sampling was conducted 30 March to 28 May, 1983 and 27 
January to 19 June, 1984. In 1983 elvers were captured by 
dipnetting through t he upper 5 to 10 cm of stream bottom 
sediment. The dipnet consisted of a circular frame 28 cm in 
diameter with a shallow 1 mm mesh bag. Approximately 50 
percent of the catch from each station was placed into 95 
percent ethanol solution. The ~emainder of the catch was 
placed in 10 percent formalin buffered with 10 g of sodium 
bicarbonate to 100 ml of formalin solution. Formali n 
specimens were fixed for not less than 72 hours and 
transferred to 70 percent ethano l solution. Because etha nol 
induc es shrinkage o f specimens , total lengths o f elvers i n 
the two different preservative concentrations were compared. 
Although elvers preserved in 70 percent ethanol averaged 
larger (mea n TL = 56.818, n = 764) than those preserved i n 
95 percent ethanol (mea n TL= 56.384, n = 610), this 
difference was not significant Ct-test, p<0.05). 
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The majority of elvers caught during the 1984 seaso n 
were obtained using a Smith Root Type VII electrofisher. 
Control settings on the electrofisher were held at 400 
volts, 60 Hz frequency and 6 ms pulse width for ' each sample. 
Sections of stream approximately 8 m in length were 
electrof i shed in a downstream direction over a 1 m wide 
swath. At the downstream end of each electrofishing area, a 
one-sixteenth inch nominal mesh seine (6 ft width, 2 ft by 2 
ft bag) was stretched between two steel pipes driven into 
the stream sediment approximately 1 m apart. Each area was 
electrofished for an approximately equal amount of time. 
Once the electrofi sher was moved downstream and had arrived 
at the net, the net was removed from the water onto the bank 
and elvers were extracted by hand. Fish were anesthetized 
with MS-222 to enhance straightening, fixed in 10 percent 
buffered formalin and then transferred to 70 percent 
ethanol. 
During the 1984 season, stream level was recorded to 
the nearest centimeter at a water level gauge above the Mill 
Pond da m t ha t had been installed by the Rhode Island 
Department of Fish and Wildlife. Temperature of the stream 
wa s also recorded to the nearest 0.5°C duri ng 1984 us ing a 
hand-held thermometer in mid-stream below the Mill Pond dam. 
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All elvers in the 1983 samples we re used in the 
analyses, bu t in 1984 large collectio ns were subsampled by 
removing 100 specimens at random. To evaluate the validity 
of thi s me thodolo gy , a subsamp le of 100 f ish was selected 
from a sample of 227 . No significant difference was found 
between the mean total length of the subsample and that of 
the entire sample of 227 (t-test, p>0.05). Total lengths 
were measured with dial calipers to the nearest 0.1 mm. 
Pigmentation stages of elvers were identified by direct 
viewing under a binocular dissecting microscope at 15X 
magnification. The range of pigmentation stages of elvers 
was assessed for both yearly samples, and a pigmentation 
stage regime was derived based on previous classifications 
by St r ubberg (1913), Boetius (1976), and Charlon and Blanc 
(1982). Complete descript ion s of each derived pigmentation 
stage and a rationale f or their selection are given in the 
Results section. Analyses of length and pigmentation data 
were performed using the Statistical Analysis System (SAS 
Institute, 1982). 
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Results 
I. Pigmentation Qf_elvers 
The epidermal pigmentation of Annaquatucket elvers was 
very similar to that desc ribed for ~ anguilla. The 
ear l iest -arr i ving elvers all possessed the head pigmentation 
or "tache cerebrale" of European elvers entering freshwater. 
Caudal pigment wa s always present, and no elver was wholly 
unpigmented. A pigmentation regime of seven stages was 
established so that the entire spectrum of the pigmentation 
range of the col lected sample would be represented, a nd eac h 
stage could be recognized with a minimum of discrepancy 
between stages (Fig. 3). Comparisons of this regime with 
other historical classifications are given in Table I. 
The following descriptions of each pigmentation stage 
are ba sed on the degree of epidermal pigmentation on the 
body and fins in the region between the origins of the 
dor sa l and anal fins: 
Stage 1 
No pigment present on any part of the body between 
the dorsal and ana l fi n origins. 
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Stage 2 
Pigment uniformly distributed along the dorsal 
surface of the body between the dorsal and anal 
fin origins, but not extending laterally beyond 
the angles formed by the apices of the dorsal 
posterior co ne myosepta. 
Stage 3 
Progression of pigment ventrally along each 
myoseptum, but not extending to the lateral line. 
Intermyoseptal pigment may or may not be present. 
Stage 4 
Pigmentati on present on dorsolateral surfaces, 
including but not extending below the lateral 
line, and following this structure between the 
myosepta, forming a distinct line of pigment. 
Intermyoseptal pigment on the dorsolateral 
surfaces usually present. 
Stage-5. 
Pigment extending below the lateral line to midway 
between the lateral line and the angles formed by 
the apices of the ventral posterior cone myosepta. 
Intermyoseptal pigment always present on 
dorso l ateral surfaces, but pigment always more 
intense along the myosepta in this area. 
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Intermyoseptal pigment on ventrolateral surfaces 
may or may not be present. 
Sta~e 6 
Pigment present from ha lfway between the lateral 
line and the angles formed by the apices of the 
ventral posterior cone myosepta to the posterior 
cone myosepta themselves. Some pigment extending 
below t his a rea along the myosepta, forming an 
irregular ventral margin of pigment. Dorsolateral 
surfaces uniformly pigmented. Intermyoseptal 
pigment usually present below the l a teral line, 
but the myosepta themselves usually distinctly 
pigmented. Pigment on the base of the dorsal fin 
ma y or may no t be present. 
S ta~ e 7 
Simila r to Stage 6, except that previously 
pigmented surfaces of the body are uniformly 
pigmented, without distinctly pigmented myosepta. 
Ventral margin of pigment forming a distinct line. 
Base of dorsal fin usually pigmented, while the 
base of the anal fin may or may not be pigmented. 
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Elvers became progressively more pigmented with the 
advancing season at all three stations in both years 
(Figs. 4,5). Comparisons of mean total lengths for each 
pigmentation stage are provided in Tables II and III. 
~Lengths of elvers 
Total lengths of elvers showed a decreasing trend over 
time (Fig. 6), Total len gth distributions between sampling 
stations were usually not significantly different (t-tests, 
p<0.05) for any given sample date for either year. The 95 
percent confidence intervals for each sampling site indicate 
that mean total lengths of elvers collected in 1984 were 
usually greater than those caught in 1983 for comparable 
dates. Overlapping confidence intervals are probably due to 
high variances induced by small sample sizes (n = 16 for 23 
April, 1983; n = 19 for 7 June, 1983). Figure 7 compares 
total length distributions of all elvers collected in 1983 
and 1984 with collections from the same area of the 
Annaquatucket during the spring of 1982 by a previous 
investigator (J. DiCanzio, unpublished data), and with dat a 
from Vladykov's (1966) collections from North America. 
Although elvers collected in 1983 are not significantly 
larger than those fr om 1982 (t-test, p>0.05), mean total 
lengths of 1984 elvers are significantly greater Ct-test, 
p<0.05) and are the large s t r eported for North America. 
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III. Arrival and migration of elvers 
Elvers were first collected at the tidal and epitidal 
sites on 30 March, 1983, which was the first sampling date 
for this season. Elvers f i rst appeared at the f ishwa y site 
on 16 April, 198 3 . In 1984, elvers we r e first col lected at 
the Tidal station on 30 J anuary, three days after sampling 
had begun. Elver s first appea red at the epitidal site on 14 
March, and at the fi shwa y si te on 23 April. Figure 8 shows 
relative abundances of elvers collected at ea ch site durin g 
t he 1984 season fr om 14 Ma r ch to 19 June, along with 
corresponding temperatures and water level s . Peak 
abundances of elvers at the Tidal and Epitidal stations 
occurred on 23 April, while numbers of elvers at the Fishway 
station did not reach a peak until 20 May. Thus, the period 
of movemen t of the ma in elver mass from the Tidal and 
Epitidal stations to the Fishway station is presumed to have 
occurred between these two dates. This same time pe riod 
coincides with the greatest increase in stream temperature 
(from 10.5 to 21.5° c) and the lowest water levels (5 or more 
cm below the datum) for the sampling period. Relative 
abundances of elvers a t t he Tida l and Epitidal stations 
decreased to less than 2.5 pe rcent after 4 June, wh ile the 
relative abundance of elvers at the Fishway station declined 
to 13 percent after this date. 
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Figure 1. Annaquatucket River watershed, Washington 
County, Rhode Island. Shaded areas indicate 
marine or estuarine zones. 
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Figure 2. Elver sampling areas on the lower 
Annaquatucket watershed. Shaded regions 
depict ar ea s of tidal influence. 
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Figure 3. Established pigmentation classifications of 
elvers used in this study. 
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Table I. Comparison of pigmentation regime established in 
this study with those of previous stud i es. 
This 
Study 
1 
2 
3 
4 
5 
6 
7 
Strubberg, 
1913 
VB 
VI AI, 1 
VI AI I, 1-
VI AII,4 
VI AIII, 1-
VI AIII,3 
VI AVI, 1-
VI AVI,3 
VI AVI,4 
VI B, 1 
Boetius , 
1975 
A 
B 
c 
c 
D 
D 
E 
Charlon and Bl anc , 
1982 
1 
2 
3 
3, 4 
4 
5,6 
7 
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Figure 4. Frequency distributions of pigmentation stages for 
3 elver sampli ng stations over the 1983 sampling 
season. Column A: Tidal station, Column 
B: Epitidal station, Column C: Fishway s tation. 
Only sampl es where n>10 are included. 
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Figure 5. Frequency distribution of pigmentation stages for 
3 elver sampling stations over the 1984 sampling 
season. Column A: Tidal station, Column 
B: Epitida l station7 Column C: Fishway station. 
Only samples where n>10 are included. 
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Table II. Mean total lengths of elvers in each pigmentation 
stage for 1983 collections. Numbers in 
parentheses indicate sample sizes for individual 
collections from given dates. 
Stage Stage Stage Stage Stage Stage Stage 
Date n 1 2 3 4 5 6 7 
3130 11 57.23 59.50 ( 9 ) (2) 
3/31 10 60.00 57.93 56. 10 
( 1) (6) ( 3) 
4/2 15 55.55 57.46 61.10 57.40 (2) ( 11) ( 1) ( 1) 
4/8 98 58.00 57.29 58.19 57.24 
( 1 ) (29) (55) ( 1 3) 
4/16 189 58.45 58.38 57.53 57.26 55.98 53.85 ( 6 ) ( 1 1 ) (84) (70) ( 1 6 ) (2) 
4/23 128 58.67 5 9. 17 57.29 55.63 55.48 
( 3 ) ( 13) ( 61) (38) ( 1 3) 
4/30 257 56.20 56. 94 56.72 56.82 57.00 56. 14 
( 1 ) ( 10) (47) (76) (109) ( 1 4 ) 
5/7 287 54.60 56.24 56.28 56.69 54.72 ( 6) (49) (167) (60) (5) 
5/14 229 53.65 55.73 54.83 56.23 55.97 56.67 54.78 ( 2 ) ( 3 ) ( 1 0 ) (27) (137) (42) ( 8 ) 
5/28 121 55.25 55.0 55.98 56. 16 55.00 ( 2) (6) (54) (39) (20) 
6/7 30 55.42 56.03 56.05 ( 11) ( 15) ( 4) 
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Table III. Mean total le ng t hs of elver s in each p i gmentation 
s tage for 1984 collections. Numbers in 
parentheses indicate sample siz e s for ind i vidual 
collectio ns from giv e n dates. 
Sta ge Sta ge St age St ag e Stage Stage St age 
Dat e n 1 2 3 4 5 6 7 
2/ 27 24 60.43 64 . 00 
(23) ( 1 ) 
3/7 6 61 . 92 60.60 
( 5 ) ( 1 ) 
3/ 14 101 61 . 52 59.88 60.90 58.23 
( 62) (27 ) ( 9) ( 3 ) 
3/ 26 103 60 . 22 59 . 16 57.76 48. 90 
(72 ) (23) (7 ) ( 1) 
4/9 200 62.20 60 . 77 60 . 83 60. 28 58 . 60 64 .3 0 
( 19) ( 60 ) ( 111) ( 8 ) ( 1) ( 1 ) 
4/23 207 59.35 58.77 59 . 56 58 .7 0 58 . 01 
( 17) ( 22) (76) (58) ( 34) 
5/7 254 61 . 25 60 . 18 58 .7 1 59. 73 ( 11) (52) (1 72 ) ( 1 9 ) 
5/ 20 300 59 .4 9 60.20 58 . 90 59 . 25 57 . 51 ( 8) ( 1 0 ) ( 184) ( 90 ) ( 8 ) 
6/ 4 105 55 .66 60.37 54. 40 58.42 57 . 32 58. 40 
( 5 ) ( 3 ) ( 1 ) (25) ( 54) ( 1 7 ) 
6/ 19 121 57 . 18 5 8 . 11 58 . 00 ( 1 4 ) ( 68 ) (39 ) 
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Figure 6. Seasonal changes in total lengths of elvers from 
1983 and 1984 collections. Only samples where 
n>10 are included. Vertical bars indicate 95 
percent confidence intervals. 
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Figure 7. Mean tot a l len gths (vertical bars) and 95 percent 
confide nc e limits (rectangles) of elvers collected 
in 1983 and 1984 compared with co l lections ta ken 
i n t he Anna quatuc ket in 1982 by J. DiCanzio and 
with Vl ad ykov' s (1966) re port of collection s from 
No r t h Ame r ica. Numbers i n parentheses indicate 
s amp l e size o f e ac h collection. 
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Figure 8. Relative abundance of elvers collected at 3 sites 
during the 1984 sampling season, with 
corresponding temperature and water levels. Water 
levels are measured from an arbitrary datum. 
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Discussion 
Progressive pigmentation in ~ rostrata elvers was 
nearly identical to that of European eel elvers. The only 
difference noted was that ~ rostrata obtained pigment on 
the base of the dorsal fin somewhat later than ~ anguilla. 
However, fin pigmentation was highly variable in the timing 
of its appearance among individuals. Anal fin pigment was 
noted only on those elvers arriving later in the season a nd 
generally among fi s h in poor condition. Since most yellow 
eels lack pigment on the area of the anal fin origin, 
pigment formation in this area may occur more frequently in 
elvers which arrive in poor condition or are parasitized. 
Trematode parasite s were commonly observ ed infecting the 
pericardial regions of later-arriving elvers posessing thi s 
extension of pigmentation development. No elvers were 
completely unpig men t ed, which indicates that ~ rostrata 
elvers first develop cerebral and caudal pigment offshore, 
as has been noted for~ anguilla (Bertin, 1956). 
All elvers were more pigmented as the season 
progressed, regardles s of location within the stream 
(Figs. 4, 5). On any one sampling date, the modes of the 
pigmentation stage distributions from the Tidal, Epitidal, 
and Fishway stations were usually the same. This suggests 
that elvers in all parts of this lower section of the stream 
are affected equally by the environmental influences on 
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their pigmentation. Stream temperature may be a primary 
factor, and was comparable at all three stations on each 
sampling date. Also, the largest increase in modal 
pigmentation stage of elvers captured at the Tidal station 
in 1984 occurred between 23 April and 7 May (Fig. 5), when 
stream tem perature increased at its highest rate for the 
season (Fig. 8). Clearly, there is a strong association 
between stream temperature and the rate at which elvers 
recruit pigment. In addition, later arriving elvers tend to 
be more pigmented, which suggests that initiation of 
pigmentation takes place further offshore as the season 
progresses and the temper a ture of coastal waters increases. 
Regardless of time or temperature, most elvers were 
highly pigmented (Stage 4 and beyond) by the time they 
reached the Fi shw ay s tation. This rapid pigmentation of 
elvers soon after they enter freshwater may be an adaptatio n 
of elvers to a benthic habitat where cryptic pigmentation 
plays an important role. Elvers collected above Mill Pond 
in summer and fall ( Haro , second manuscript) had developed 
the coloration typical of small yellow eels. 
Reduction in elver mea n total length over time also 
reiterates previous studies with A..,__ anguilla. Since 
development of pigment is not highly correlated with length, 
it is likely that this trend of decreasing length is due to 
smaller sizes of later-a rriving elvers rather tha n a 
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metamorphosis or "shrinking" of individual fish. 
Differences in mean total length of elvers between 
collecting stations are not evident (Fig. 6), sinc e there is 
great variability in sizes of elvers within any single 
collection, and the reduction in size is fairly gradual as 
the season progresses. Also, it is not likely that 
individual elvers remained in a particular sampling area for 
any great period of time; thus the collections represent 
successive groups of elvers migrating upstream. 
Mean total lengths of elvers from pooled collections 
for each year are unex pectedly dissimilar to published data. 
Although the 1983 collections consist of elvers of the size 
that one would expect from Vladykov's (1966) report of sizes 
of elvers taken fr om the Northwestern Atlantic (Fig. 7), 
elvers from the 1984 collection averaged longer than 
Vladykov's specime ns from Nova Scotia, which were the 
largest from his series. Some of Vladykov's collections 
were stored for up to eight years before they were 
measure d ; therefore his estimates of mean total length may 
have been affected by shrinkage. The much greater mean 
total length of elvers caught in 1984 versus 1983 may be due 
to sampling selectivity, since elvers were captured by 
dipnetting in 1983 and by electrofishing in 1984 . Samples 
taken in 1982 by J. DiCanzio were also collected with a 
dipnet, and are comparable in size to 1983 elvers (Fig. 7). 
The two collections of this study (1983 and 1984) may 
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represent a true natural difference in size of elver s from 
the two different year classes, but there is strong evidence 
for sampling bia s betw e en the two methodologies. 
Arrival of elvers and their subsequent movement 
upstream also appear to be regulated by environmental 
factor s . Such facto rs ar e , however, not entirely limiting. 
This is evidenced by the collection of a 57.8 mm elver in 
pigmentation stage 5 below Mi l l Pond on 6 November, 1983. 
Such ~ n appearance of elv e rs "out of season" indicates that 
they may a rrive on the coasts of North America throughout 
the year, yet only in su bst a ntial numbers during the spring 
months. Sloane (1984a) observed similar year-round arrivals 
of~ australis elvers in Ta smanian streams. 
Although the r a t e of upstream migration could not be 
precisely "defined, the main concentration of elvers seems to 
take about one mont h to move from the Tidal and Epitidal 
stat i ons t o the Fi s hway station. In comparison, Sorensen 
(1984) postulated that it took elvers several weeks to pass 
a 400 m s tretch of Gilbert Stuart Brook, which has a 
gradient similar to that of the Annaquatucket. Upstream 
movements of elvers may be mediated by temperature and/or 
wate r level. Tempe r at ur e s greater than 10°C have been noted 
to initiate upstream migration of elvers (Sorensen, 
1951; Smith, 1955; Ma nn, 1963). This generalized 
"threshold" temperature correlates closely with the 
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temperature increase associated with the greatest amount of 
movement of elver s from the Tidal to Epitidal statio ns (from 
10.5 to 21.0°C). Decreased water levels (and thus decreased 
current velocities) may encourage upstream movement of 
elvers which had previously been hindered in their progress 
at the Tidal station by heavy spring runoff. However, some 
elvers were found in areas that had been flooded above the 
stream banks by high water levels. Under these 
circumstances, elvers may facilitate their upstream progress 
by moving through these flooded areas away from the main 
current. Thus water level may affec~ elver movement 
upstream positively or negatively depending on habitat type 
(low banks · which become flooded versus high banks which do 
not). Elvers migrating from the tidal zone may also time 
their ascent based on spring tides or lunar cycles 
(Jellyman, 1979; Sorensen, 1984), but these effects are 
difficult to correlate precisely with the results from this 
study since samples were taken only once every two weeks. 
The morphological changes in A_,_ rostrata elvers 
associated with upstream migration, as well as the effects 
of stream temperature, gradient, and water level are 
comparable to those described for other species of Anguilla. 
The similarity between species at this particular life 
history stage is not surprising, since the environmental 
conditions that elvers encounter in migrating upstream are 
about the same for most streams and rivers that these 
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species enter as juveniles. However, the rate at which ~ 
rostrata elvers ascend the lower section of the 
Annaquatucket is much less that that reported in most cases 
for ~ anguilla. This phenomenon may be due to the high 
gradient and current velocity of the Annaquatucket in this 
lower region. These conditions are in direct contrast to 
those found in larger rivers with lower gradient and current 
velocities (especially near banks) where extensive movements 
of elvers have been observed. Tidal transport of elvers in 
larger rivers may also account for a large portion of the 
distance that elvers migrate upstream in these systems. 
Thus, the physical nature of a stream or river and the 
specific environmental conditions that elvers encounter 
while migrating upstream may dictate the speed and distance 
of their ascent. 
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ABSTRACT 
Small American ee ls (<250 mm TL) were sampled in late 
summer and fall in a coastal Rhode Island stream and aged by 
examinat ion of otoliths. Elvers (age I+) had acquired the 
coloration typical of yellow eels, were much larger than 
glass eels or partially pigmented elvers collected in late 
winter and spring, and had a greatly expanded outer otolith 
growth zone. The frequency of II+ and older eels increased 
with increasing distance from the tidal zone. This 
indicates that the upstream migration of elvers is limited, 
and that co lonization of inland waters is accomplished 
mainly by yellow eels in their second and later years of 
continental life. 
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Introduction 
While the upstream migration of European eel 
Anguilla anguilla L.) elvers and small yellow eels has been 
well documented, the movements of these juvenile forms of 
the American eel (A_._ ~trata (Lesueur)) are virtually 
unknown. A.... rostr.at& elvers have been shown to utilize 
selective tidal transport to reach mouths of freshwater 
streams (McCleave and Kleckner, 1982), but their movements 
within freshwater have received only anecdotal tr e atment 
(Sheldon, 1974). Sorensen (1984) recorded elver movements 
within the lower 400 m of a Rhode Island stream, but did not 
inve s ti gat e migratio ns upstream of this zone. Helfman et 
al. (1984) noted an increase in proportion of older eels in 
an upstream section of a Georgia river, although this 
increase could not be distinguished from a possible strong 
year class. Youn ger e e ls (smaller than 200 mm TL) were not 
represented in their collections due to sampling selectivity 
of baited traps . Telemetric studies of larger eels (Gu~ning 
and Shoop, 1962; LaBar and Facey, 1983) and arrival of eel s 
of age III+ or older at locations far upstream (e.g. Lake 
Champlai n and Lake Ontario (Hurley, 1973; Facey and LaBar, 
1981)) provide the only information regarding monitored 
movements of yellow stage A.... rostrata i n freshwater. 
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Knowledge of upstream migration in juvenile European 
eels is also far from complete. While European elvers have 
been known to migrate from 30 to 150 kilometers during their 
first year in fre shwater (Tesch, 1965; Deelder, 1970; 
Parsons et al., 1977), movements of juveni le eels past the 
elver stage have never been intensively studied. Tesch 
(1967) collected primarily juvenile fl_._ anguilla in weirs 
more than 150 Km upstream ·on two German rive rs . Elvers at 
these weirs we re relatively rare . Tesch assumed that 
because these juvenile eels averaged 150 mm in total length, 
they had taken at least two years since entering freshwater 
to reach these upstream sites. 
Other s tudie s (Deelder, 1970; Moriarty , 1978) have 
shown similar limited mov eme nt of fl_._ anguill.a yellow eels 
during their first few yea rs in freshwater, with eels 
collected farther inland showing an increase in size and 
age. Such effects on the distribution and age composition 
are thought to be amplified by obstructio ns to eel progress, 
such as weirs and dams (Tesch, 1977). Sloane (1984) 
postulated that A_,_ fil.!Stralis past the elver stage migrate 
upstream for several years in succession , since age groups 
II+, III+, and IV+ were more abundant than elvers at sites 
furt her up s tream. No elvers of thi s species were collected 
more t han 6 Km inla nd. 
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This study investigates the distribution of A~ rostrata 
elvers and yellow eels smaller than 250 mm TL at three sites 
in a coastal Rhode Island stream. Relative proportions of 
age classes at each site are used to determine the extent of 
upstream migration of elvers and young yellow eels. 
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Materials and Methods 
All specimens used i n this study were taken from the 
Annaquatucket River watershed, Washington County, Rhode 
Island (41° 33' N; 76° 26 1 W; Fig. 1). The watershed drains 
approximately 52 square Km, and the main portion of the 
river is approximately 9 Km long, containing several 
impoundments created by damming in the 1800's (Guthrie and 
Stolgitis, 1977). The lowermos t impoundment, Mill Pond, is 
4 ha in area and about 200 m upstream from the mouth of the 
river, wher e it emptie s into Bissel Cove, an estuary 
adjacent to Narragansett Bay. A second impoundment exists 
above the dam at Featherbed Lane, 850 m upstream of Bissel 
Cove. Belleville Pond (64 ha) is the largest impoundment on 
the Annaquatucket, 2.5 Km upstream of Bissel Cove. Because 
of damming a nd its coastal location, the Annaquatucket is 
s low-moving for mos t of its length, with little gradient, 
averaging 4 m of drop per Km of stream run. However, the 
stream has a relatively high gradient from below Mill Pond 
dam to Bissel Cove, dropping 4 m in this 200 m stretch. All 
three dams were made pa s sable to diadromous fishes by the 
installation of fishways by the Rhode Island Department of 
Fi s h and Wildlife from 1969 to 1971. 
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Elvers and small yellow eels were collected from below 
each of the three dams by electrofishing. A 4 by 20 foot 
blocking seine of one- s ixteen th inch nominal mesh was 
stretched across the stream below the area to be 
electrofished. The electrofisher was moved downstream, 
towards the net, and swept the entire width of the stream. 
After the electrofisher had reached the net, the net was 
removed from the stream and fish were extracted by hand. 
Total lengths were determined to the nearest millimeter 
using a measuring board, and eels greater than 250 mm total 
length were returned to the stream. All three sites were 
sampled on 20 August, 23 September, and 6 November, 1983. 
The Featherbed and Belleville sites were sampled again on 7 
August, 1984. After transport to the laboratory, eels were 
anesthetized with MS-222, me asured to the nearest mm, 
labeled, and frozen for later analysis. 
Otoliths ( sagittae) were extracted from thawed eels by 
splitting the entire head sagitta lly with a scalpel and 
removing the otoli ths with a pair of fin e forceps. Otol i ths 
were then cleaned in dis tilled water, dried, and mounted by 
imbedding the whole otolith in a small bead of molten 
thermoplastic (Crystalbond, Aremco Products, Inc.) placed 
on a 2.5 cm by 7.5 cm microscope slide. Most otoliths were 
ground by hand by placing the slide otolith s i de down on a 
piece of 30 micron grit lapping film (Imperial Lappin g £.il.m, 
3M Co rp.) bonded to a plate glass back ing and wett ed with 
I 
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distilled water. Otoliths were ground using a circular 
motion until the nucleus was well defined when viewed under 
a dissecting microscope. Ground surfaces of otoli ths were 
polished on 0.3 micron aluminum oxide lapping film. To 
avoid crushing sma ll otoliths, a grinding apparatus similar 
to that described by Neilson and Geen (1981) was used on 
otoliths from eels smaller than approximately 100 mm. 
Ground a nd polished otoliths were covered with a drop of 
mineral oil to prevent dry i ng while they were s tored until 
they could be read. 
Otolith annu li were identified and counted using a 
dissecting microscope at 100X. Transmi tted light was 
usually sufficient to re veal annuli, but reflected light wa s 
also used on each otolith to reveal transparent and opaque 
r ings descr ib e d by Gray and Andrews (1971) that are 
associated with annuli. The sea-water or metamorphic ring 
was regarded as one year of larval growth (I+) and all 
subsequent rings as later annuli (II+ and older). As a 
chec k for inaccuracies in aging, a linear discriminant 
analysis (LDA) wa s performed on the aged fish using total 
length as a me an s to cl assify into a ge groups . If the 
observed age wa s no t equal to the age determined by the LDA, 
the otolith was read again t o check for an aging e rror . The 
reage d data was th en subjected to a second LDA to improve 
the agi ng classi fi catio n . 
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Total lengths of eels collected in 1984 were measured, 
but these f ish were not aged. Instead, ages were assigned 
to individual fish based on their total lengths in 
comparison to groupings determined by the second LDA for the 
1983 collection. Age class distributions were assembled 
from the 1983 plus the 1984 (aged and non-aged) data. All 
data analyses were per formed using the Statistical Analysis 
System (SAS Institute, 1984). 
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Results 
Pigmentation of elvers in the late summer and f all was 
more den s e and appeared more yellowish and greenish dorsally 
and laterally than the most highly pigmented elvers 
collected in late spring of 1983 and 1984 at th e Mill Pond 
station study (Sta ge 7; Haro, first manuscri pt). Summer and 
fall elvers from the Mill Pond station were also 
significantly lar ger (mean TL = 76.06 mm) than stage 7 
elvers co llected at the same station during late spring 
(mean TL= 56.98 mm; t-test, p<0.0001). Otoliths of elvers 
collected in lat e summer and fall (Fig. 28) showed a greatly 
expanded outer growth zone compared with those taken in the 
spring (Fig. 2A). Summer and fall elver otoliths were also 
characterized by a jagged margin and prominent rostrum, 
while spring elver otoliths had a more uniform periphery. 
Age II+ eels were distinguished from elvers by the presence 
of an annulus surrounding the metamorphic or seawater 
otolith ring. Annuli of all eels were normally accompanied 
by opaque rings (Fig. 28,C) and appear to form during the 
winter months. 
Correct classifications of ages using linear 
discrimin ant analysis on the raw age data were: age I+: 86.1 
pct, age II+: 70.0 pct, age III+: 62.5 pct, age IV+: 42.9 
pct, age V+: 23.1 pct, age VI: 50.0 pct. All otoliths with 
conflicting age determinations (first reading vs . LDA 
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classification) were rechecked. Although a total of 61 
otoliths were reanalyzed , only 19 were reaged. The second 
LDA produced improved correct classification of ages: age 
I+: 93.8 pct, age II+: 81.8 pct, age III+: 66.7 pct, age 
IV+: 42.9 pct, age V+: 23.1 pct, age VI+: 50.0 pct. LDA 
classifications cannot be taken verbatim due to the nature 
of the analysis to classify absolutely into age groups based 
on t he sing le classification variable, total length. This 
allows for no overlap of age groups in terms of total 
length. Since other studies have shown great overlap in 
lengths for most age groups of this species, some 
misclassification of ages by the LDA must be allowed. 
Distributions of all age classes from collections at 
the Mill Pond, Featherbed Lane, and Belleville Pond stations 
are given in Figure 3. More elvers than II+ eels were 
present at Mill Pond, while II+ eels predominated over 
elvers at the other two sites. Age V+ and VI+ eels were 
absent from Mill Pond. Total length distributions of elvers 
and II+ eels from the three si tes are given in Figure 4. 
Page 48 
Figure 1. Sampling stations on the Annaquatucket River 
watershed, Washington County, RI 
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Figure 2. Otolit hs t a ken from elvers and yellow eels. 
A: Otolith from elver captured 30 April, 1983, 
B: Ot ol i t h form elver captured 23 October, 1983, 
C: Otol i t h from II+ yellow e e l captured 23 
October, 1983. Bar equals 0.1 mm. 
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Figure 3. Distributions of age classes of elvers (age 1) and 
yellow eels (ages 2-6) less than 250 mm TL from 
collections at Mill Pond, Featherbed Lane, and 
Belleville Pond stations. 
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Figure 4. Distributions of total lengths of elvers and II+ 
eels from Mill Pond, Featherbed Lane, and 
Belleville Pond stations. 
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Discussion 
The d istribution of age groups at the three sampling 
sites (Fig. 3) strongly suggests that most elvers progress 
no further than Mill Pond, and that the two upstream sites 
are populated mainly by eels a ge II+ and older. Elvers, 
which predominated at the Mill Pond station, were 
significantly smaller (mean TL= 70.1 mm), and probably 
represent glass eels that enter the river relatively late, 
are more abundant, but average smaller initially (Haro, 
first manu s cript). Conversely, elvers from the Featherbed 
Lane (mean TL = 86.2 mm) and Belleville Pond (mean TL = 
90.83 mm) stations probably represent glass eels that enter 
the river earlier and in smaller numbers, but that average 
larger i ni tially and thus have greater swimming capability. 
Eels age II+ and older were more abundant at the two 
upstream stations. The absence of age V+ and VI+ eels at 
the Mill Pond station probably is not due to ageing error, 
since von Bertalanffy growth functions were similar for all 
three stations (Appendix I). Larger eels (> 210 mm TL) 
which represent these two age classes were also uncommon at 
the Mill Pond station. 
Whether elvers or juvenile eels stop migrating upstream 
at a certain time of year (presumably winter) is not 
known· thus the exac t time at which II+ eels arrive at the 
' 
two upstream locations cannot be determined. It may take 
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several years for an eel to reach very remote upstream 
habitats. Since other studies have shown larger (older) 
eels with limited home ranges within a stream or lake 
(Gunning and Shoop, 1962; Helfman et al., 1984; Labar and 
Facey, 1983), most eels probably stop migrating upstream at 
some point in their lifetimes, but it is not clear at what 
age they do so. The changes in morphology of elvers during 
their upstream migration can be particularly dramatic. 
Elvers arriving in late winter and spring are initially 
semi-transparent, and accumulate pigment rapidly once they 
enter fr e shwater. However, elvers which attain "full" 
pigmentation (stage 7) by late spring are quite different in 
appearance from elvers collected in the late summer and 
fall; the latter being larger and more yellowish or 
greenish. Elver growth during the summer is also evident in 
the expanded transpar e nt g rowth zone of the otolith margin 
(Fi g . 2B). Absence of annuli and/or opaque zones near the 
margins of otoliths from late summer and fall eels suggests 
that annulus formation occurs during the winter, which is in 
agreement with Liew (1974). 
The conclusions drawn so far in this study contrast 
many reports re garding the European eel, which describe 
l e ngt hy migrations of elvers upstream for several kilometers 
or more. Clearly, e lvers in the Annaquatucket progress 
up s tream slowly, and their numbers become much reduced at 
upstream sites in comparison to their relative abundance in 
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the tidal zone. This disparity between An naquatucket elvers 
and those from other systems which have little difficulty 
moving large distances upstream can probably be related to a 
fundamental difference in habitat types. Many European 
studies describing extensive elver migrations have taken 
place on large river systems (i.e. Deelder, 1952, 1958, 
1970; Parsons et al., 1977), where current velocities are 
probably not great during the spring months in comparison 
with the Annaquatucket. Most of these studies do not 
provide information regarding what proportion of these 
migrations (in terms of dista nce) are facilitated by tidal 
transport, whic h could be a major factor of elver movement 
in larger rivers. Progress upstream by elvers in such 
systems is also likely to be e nhanced by the lack of current 
near river banks; areas in which elvers have been noted to 
perfo rm most of t he ir migratory activity (Tesch, 1977). 
This habitat type i s in direct contrast to the high gradient 
of the lower Annaquatucket system, which experiences great 
fluctuatio ns in current velocity in response to changes in 
local precipitation . Fishways on the Annaquatucket seem to 
hav e little effect on assisting the upstream migration of 
elvers. In fact, they may be inhibitory in this respect in 
that they serve as attractors to elvers seeking flowing 
fresh water, yet elvers may have difficulty ascending 
fishways when current velocities through the baffles are 
high. Other studies in Europe have shown a similar 
inability of e lvers to ascend fishways with high current 
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velocities (T esch , 1977). The physical nature of elvers and 
their specific behavior during migration may exclude them 
from utilizing the fishways in a way that other species of 
upstream-migrating fishes do. Tesch (1977) has suggested 
that only l arger ee ls are capable of ascending sections of 
streams which posess many dams, weirs, and other 
obstructions . It is possible that migrating elvers wait 
until water levels and current velocities drop before 
ascending fishways, or find other means of circumventing 
da ms, such as climbing the wet concrete structures of the 
dams themselves. Also, the effect of standing bodies of 
water (i.e. lakes and ponds ) on the progress of elvers 
throu gh a river system is unkn own. Elvers have been 
reported to wander rando mly in still waters (Tesch, 1977), 
and thu s would be expected to have difficulty locating an 
inlet stream once having entered an impoundment. 
In spite of all the potential restraints on their 
upstream mig ration, elvers are able to pass above the Mill 
Pond and Featherbed Lane dams by some means. Because eels 
were present in the Annaquatucket system before the fishways 
were built (J. O'Brie n , pers. comm.), one can assume that 
their persistence in migr ating upstream insures that some 
will arrive at the upper rea ches of the sy s tem, regardless 
of obstructions. Therefore, the physical nature of the 
stream or river in question has an effect on how eels will 
populate it after migrating until they become sedentary in 
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their behavior. The next logical steps that should be taken 
in defining the upstream migration of elvers and eels 
involve the effects of stream gradient and obstructions, as 
well as comparisons of eel movements in large and small 
stream and river systems. 
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APPENDIX I 
Leng t h and age da ta f rom th e Mi l l Pond , Fea t herbed 
Lane, and Bel l e v i ll e Pond co l lec t ions were u s ed to es tima t e 
growth o f e e l s at the t hr ee sites . Nonlinea r re gress i on was 
used t o es t imat e grow t h parame t e r s of the vo n Ber t a l an ff y 
fu nc t io n: 
where 
Lt = length a t t ime t 
Loo = asymp t otic l eng t h 
k = growth rate c oe ff icie nt 
t 0 = hyp o thet ical time a t age 0 
The foll owi ng t ab le gi ves growt h parame t er s f or vo n 
Bertalan ffy f unct ions ca l culat e d f o r t he th r ee collectio n 
s it es: 
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Mill Pond Fea therbg_Q_Lane Belle ville Pn.rui 
n 99 44 45 
L oo 1063. 5970 1144.7872 819 . 0822 
k 0.04352 0.0358 0.0553 
t 0 -0.0049 -0.12Ll7 0.0379 
Analys i s of asyptotic 95 percen t confidence interva l s 
of the three estimates o f k showed no signi fi cant di ffere nce 
in growth rate between the thre e collection sites ( a t the 5 
percent level). It s hou l d be noted that the estimates o f 
growth parameters provided her e are based on fi s h of age VI + 
and youn ge r from the Bel l eville Po nd and Fea t herbed La ne 
sites, and on f ish IV+ and you nge r f rom t he Mill Pond si te. 
Growth o f older eels may no t be accurately described f rom 
these estimates. 
